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(54) Freezing cycle apparatus 

(57) In a freezing cycle apparatus that switches be- 
tween a cooling mode and a heating mode, wherein a 
low-pressure refrigerant is evaporated in an evaporator 
18 for cooling the air during a cooling mode and a hot 
gas refrigerant is introduced from the discharge side of 
a compressor 10 directly into the evaporator 1 8. A var- 
iable displacement type compressor capable of varying 
the displacement is used as the compressor 1 0. The dis- 
placement of the compressor 10 is controlled such that 
the refrigerant flow rate in the cooling or heating cycle 
is a predetermined target flow rate during the cooling 
and the heating mode. 



FIG. 1 




Q_ 
LU 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 1 1 3451 6A2J_> 



1 



EP 1 134 516 A2 



2 



Description 
Background. 

[0001 ] The present invention relates to a freezing cy- 
cle apparatus that uses an evaporator as a radiator for 
discharged hot gas from a compressor during heating, 
and more particularly, to a freezing cycle apparatus 
which uses a variable displacement type compressor. 
[0002] In the vehicular air conditioner of the prior art, 
during heating in winter, hot water (e.g., the engine cool- 
ing water) is circulated in a heat exchanger for heating, 
in which the conditioned air is heated with the hot water. 
When the temperature of the hot water is low, the air 
blown into the compartment may fail to heat properly. In 
Unexamined Published Japanese Patent Application 
No. 11-1 01514, a freezing cycle apparatus warms with 
the hot gas heater. Here, when the temperature of the 
hot water is lower than a predetermined temperature 
during engine starting, gas refrigerant (or hot gas) dis- 
charged from the compressor is introduced into the 
evaporator while bypassing a condenserto release heat 
in the evaporator from the gas refrigerant to the condi- 
tioned air. 

[0003] However, in the heating mode of the hot gas 
heater, the high-low pressure of the freezing cycle rises 
higherthan that of the cooling mode. If the heating ability 
and the high pressure are controlled by interrupting 
compressor operation, mechanical shock causes un- 
comfortable vibrations and reduces durability of the 
compressor's electromagnetic clutch. Therefore, the 
prior art proposed using a variable displacement com- 
pressor. 

[0004] This compressor maintains the evaporator at 
a predetermined temperature (e.g., 0°C) during cooling. 
Therefore, if the evaporator temperature rises, the dis- 
placement is enlarged to lower the intake pressure. If 
the evaporator temperature drops, the displacement is 
reduced to increase suction pressure. 
[0005] During the heating mode, the evaporator tem- 
perature is raised by rising the discharge pressure to 
augment the heating ability. Therefore, the displace- 
ment must be reduced by raising the discharge pres- 
sure, and the displacement has to be augmented by low- 
ering the discharge pressure. 

[0006] Thus, displacement control during cooling and 
heating must be different. Therefore, a displacement 
control valve mechanism and the cooling/heating 
switching valve mechanism are added to the displace- 
ment control valve mechanism for the cooling mode with 
the ordinary variable displacement compressor. The ad- 
dition , these two valve mechanisms inevitably raises the 
cost of the variable displacement type compressor. 
[0007] To address these and other drawbacks, the 
present invention provides a freezing cycle apparatus 
with a hot gas heater function, where cooling and heat- 
ing are correlated to the flow rate of refrigerant circulat- 
ing in the cycle. During the freezing cycle, moreover, 



there is a portion where refrigerant flows both during 
heating and cooling. In this portion, the refrigerant flow 
rate is detected by a flow rate detecting means shared 
for cooling and heating operations. 
s [0008] In one aspect of the invention, a freezing cycle 
apparatus is provided that switches between a cooling 
mode and a heating mode, where low-pressure refrig- 
erant is evaporated in an evaporator (1 8) for cooling air 
and hot gas refrigerant is introduced from the discharge 
10 side of a compressor (10) directly into said evaporator 
(18) to release heat in said evaporator (18). The appa- 
ratus uses a variable displacement type compressor 
(10). The displacement of the compressor (10) is con- 
trolled such that the refrigerant flow rate in the cycle has 
15 a predetermined target flow rate during cooling and 
heating. 

[0009] Accordingly, the compressor (10) displace- 
ment may be controlled to set the predetermined target 
refrigerant flow rate during cooling or heating. There- 
to fore, the displacement can be controlled by the control 
mechanism shared between the cooling and heating 
modes. 

[0010] In another aspect of the invention, target flow 
rate determining means (S1 30, S200) determines target 

25 flow rates during heating and cooling modes. Flow rate 
detecting means (35, S150, S220) detects the refriger- 
ant flow rates during heating and cooling modes. A dis- 
placement control means (S1 60, S230) controls the dis- 
placement of said compressor (10) so that the refriger- 

30 ant flow rate, as detected by said flow rate detecting 
means (35, S150, S220), may be said target flow rate. 
[0011] In another aspect, a valve means (13, 21) 
switches the refrigerant passages such that the gas re- 
frigerant on the discharge side of said compressor (10) 

35 is introduced directly to the side of said evaporator (18) 
in said heating mode and to the side of a condenser (14) 
in said cooling mode. The flow rate detecting means (35) 
is arranged between the discharge side of said com- 
pressor (10) and said valve means (13, 21). Then, the 

40 refrigerant flow rate on the discharge side of the com- 
pressor (10) can be detected by the flow rate detecting 
means (35) shared between heating and cooling 
modes. 

[0012] In another aspect, the flow rate detecting 
45 means includes a throttle portion (35a) arranged on the 
discharge side of said compressor (10), differential 
pressure detecting means (35) that detects the differen- 
tial pressure across said throttle portion (35a), and flow 
rate calculation means (S1 50 ; S220) that calculates the 
50 refrigerant flow rate based on the detected differential 
pressure. 

[001 3] As a result, the refrigerant flow rate can be cal- 
culated based on the differential pressure across the 
throttle on the discharge side of the compressor (10). 
55 Especially, the throttle portion (35a) is arranged on the 
compressor discharge side, so that the differential pres- 
sure necessary for the flow rate calculation can be 
achieved even if the throttling of the passage is smaller 
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than where the throttle portion (35a) is on the cycle lower 
pressure side. 

[0014] In another aspect, said predetermined target 
flow rate is determined such that the temperature of said 
evaporator (1 8) is the target temperature. 5 
[0015] Accordingly, cooling is controlled by controlling 
the displacement of the compressor (1 0) so that the tem- 
perature of the evaporator (18) is the target temperature 
during the cooling mode. 

[0016] In another aspect, during said heating mode, io 
said predetermined target flow rate is determined such 
that the cycle high pressure is the target pressure. As 
such, the heating ability can be controlled by controlling 
the displacement of the compressor (1 0) so that the cy- 
cle high pressure is the target pressure during the heat- 15 
ing mode. 

[0017] In another aspect, the variable displacement 
compressor (1 0) includes a displacement control mech- 
anism (110) and has a throttle portion (112) disposed on 
the discharge side of said compressor (1 0); a differential 20 
pressure responding mechanism portion (120) dis- 
posed in said displacement control mechanism (110) for 
varying the displacement of said compressor (10) ac- 
cording to the differential pressure across said throttle 
portion (112) and the target differential pressure; a tar- 25 
get differential pressure setting portion (130) disposed 
in said displacement control mechanism (110) for set- 
ting said target differential pressure by establishing a 

fnrrtft anainstthp rliffAmntial nresstirp nrmss said throt- 
tle portion (112); cooling time target differential pressure 30 
determining means (S165) for determining said target 
differential pressure at said cooling mode by varying the 
force against the differential pressure across said throt- 
tle portion (112); and heating time target differential 
pressure determining means (S235) for determining 35 
said target differential pressure at said heating mode by 
varying the force against the differential pressure across 
said throttle portion (112). 

[001 8] As a result, the compressor displacement can 
be varied directly mechanically according to the differ- 40 
ential pressure across the throttle portion on the com- 
pressor discharge side and the target differential pres- 
sure by the differential pressure responding mechanical 
portion (120) of the displacement control mechanism 
(110). The differential pressure across the throttle por- 45 
tion on the compressor discharge side varies corre- 
sponding to the refrigerant flow rate so that the refriger- 
ant flow rate can be controlled by the displacement con- ' 
trol according to the differential pressure change. The 
displacement is mechanically varied directly in re- 50 
sponse to the differential pressure change. Moreover, it 
is possible to improve the responsiveness of the dis- 
placement control to the change in the compressor 
speed. 

[0019] Since the target differential pressures corre- 55 
sponding to cooling and heating are determined, re- 
spectively, by the cooling time target differential pres- 
sure determining means (S165) and the heating time 



target differentia! pressure determining means (S235). 
Moreover, the compressor displacement can be control- 
led to achieve the abilities (or the refrigerant flow rates) 
necessary for cooling and heating. Therefore, it is suffi- 
cient to provide the displacement control mechanism 
(110) shared for cooling and heating. In another aspect, 
the throttle portion (112) is built in said compressor (10). 
In another aspect, during the cooling mode, said target 
differential pressure is determined such that the temper- 
ature of said evaporator (18) is the target temperature. 
As a result, the displacement of the compressor (1 0) is 
controlled to control the temperature of the evaporator 
(1 8) to the target temperature during the cooling mode. 
[0020] In another aspect, during said heating mode, 
said target differential pressure is determined such that 
the cycle high pressure is the target pressure. As a re- 
sult, the displacement of the compressor (1 0) is control- 
led to control the cycle high pressure to the target pres- 
sure during the heating mode. 

[0021] In another aspect, the target temperature of 
said evaporator (1 8) is varied according to the informa- 
tion indicating the cooling load. Then, the target temper- 
ature of the evaporator (1 8) can be lowered by augment- 
ing the cooling load and raised by reducing the cooling 
load. 

[0022] In another aspect, the target pressure of said 
cycle high pressure is varied according to the heating 
load. Then, the target pressure of the cycle high pres- 

cnrp ran h<* raic^H h\/ annmontinn tho h^atinn harj anrj 

lowered by reducing the heating load. 
[0023] Further areas of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion provided hereinafter. It should be understood that 
the detailed description and specific examples, while in- 
dicating preferred embodiments of the invention, are in- 
tended for purposes of illustration only, since various 
changes and modifications within the spirit and scope 
of the invention will become apparent to those skilled in 
the art from this detailed description. In the drawings: 

Fig. 1 is a schematic view showing a first embodi- 
ment of the present invention; 
Fig. 2 is a longitudinal sectional diagram of a com- 
pressor of the first embodiment: 
Fig. 3 is a longitudinal sectional diagram of a dis- 
placement control valve mechanism for the com- 
pressor of the first embodiment; 
Fig. 4 an electric control block diagram for the first 
embodiment of the present invention; 
Fig. 5 is a cross-sectional diagram of a differential 
pressure sensor portion of the first embodiment; 
Fig. 6 is a flow chart showing the heating and cool- 
ing ability controls of the first embodiment; 
Fig. 7 is a diagram of a built-in throttle portion in a 
compressor of a second embodiment; 
Fig. 8 is a schematic view of the second embodi- 
ment; 

Fig. 9 is a longitudinal cross-sectional view of a dis- 
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placement control valve mechanism of the com- 
pressor of the second embodiment; 
Fig. 10 an operation characteristic diagram of the 
displacement control valve mechanism of the sec- 
ond embodiment; and 

Fig. 1 1 is a flow chart showing the heating and cool- 
ing ability controls of the second embodiment. 

(First Embodiment) 

[0024] Fig. 1 shows a first embodiment of the present 
invention, applied to a freezing cycle device in a vehic- 
ular air conditioner. A compressor 10 is driven through 
an electromagnetic clutch 1 1 by a water-cooled type ve- 
hicular engine 12, and is constructed of a variable dis- 
placement type swash plate compressor. 
[0025] The compressor 10 is connected on its dis- 
charge side through a cooling electromagnetic valve (or 
first valve means) 13 to a condenser 14, which is con- 
nected on its exit side to a receiver 1 5 for separating the 
gas and liquid of refrigerant to reserve the liquid refrig- 
erant. To the condenser 1 4, cooling air (or ambient air) 
is blown by an electric type cooling fan 14a. 
[0026] Moreover, the receiver 15 is connected on its 
exit side to a temperature type expansion valve (or a 
first pressure reducing unit) 16. This temperature type 
expansion valve 1 6 is connected on its exit side through 
a check valve 1 7 to the entrance of an evaporator 1 8. 
This evaporator 1 8 is connected on its exit side through 
an accumulator 1 9 to the intake side of the compressor 
10. 

[0027] The temperature type expansion valve 1 6 ad- 
justs the valve opening (or refrigerant flow rate), as well 
known in the art, so that the degree of overheat of the 
refrigerant at the exit of the evaporator 1 8 may be kept 
at a predetermined value during operation of the ordi- 
nary freezing cycle (during the cooling mode). The ac- 
cumulator 1 9 separates the gas and liquid of the refrig- 
erant and reserves the liquid refrigerant so that the gas 
refrigerant and a small quantity of liquid refrigerant (in 
which oil is dissolved) in the vicinity of the bottom portion 
may be drawn into the side of the compressor 1 0. 
[0028] Between the discharge side of the compressor 
10 and the entrance side of the evaporator 18, on the 
other hand, a hot gas bypass passage 20 is interposed 
for bypassing the condenser 14. This bypass passage 
20 is provided with a heating electromagnetic valve (or 
second valve means) 21 and a throttle (or second pres- 
sure reducing unit) 21a in series. This throttle 21a can 
be constructed of a fixed throttle such as an orifice or a 
capillary tube. 

[0029] The evaporator 18 is disposed in an air condi- 
tioner casing 22 of the vehicular air conditioner and ex- 
changes heat with air (e.g., compartment or ambient air) 
blown by an electric air conditioning blower 23. During 
the cooling mode, the low-pressure refrigerant in the 
evaporator 18 cools blown air by absorbing heat from 
the blown air by evaporating refrigerant. During heating, 



on the other hand, the high-temperature refrigerant gas 
(i.e., hot gas) from the discharge side of the compressor 
10 flows from the hot gas bypass passage 20 directly 
into the evaporator 18 and releases heat into the air so 
5 that the evaporator 18 acts as a radiator. 

[0030] In the air conditioner casing 22, there is dis- 
posed on the air downstream side of the evaporator 18 
a hotwatertype heat exchanger24 for heating the blown 
air by using the hot water (or engine cooling water) from 
w the vehicular engine 12 as a heat source. The condi- 
tioned air is blown into the compartment from the (not- 
shown) blow port disposed downstream of the heat ex- 
changer 24. This heat exchanger 24 is provided with a 
hot water valve 25 in its hot water circuit that controls 
15 hot water flow. During the heating mode, the evaporator 
18 acts as an auxiliary heating device, and the hot water 
type heat exchanger 24 acts as a main heating device. 
[0031] Fig. 2 shows a more detailed construction of 
the variable displacement type compressor 1 0, having 

20 a well-known variable displacement mechanism, where 
the vehicle engine 12 power is transmitted through the 
electromagnetic clutch 1 1 to a spindie 1 02. To a swash 
plate 1 03 inclined with respect to the spindle 1 02, a plu- 
rality of (e.g., six in this embodiment) pistons 105 

25 through shoes 104 are connected. 

[0032] By turning the swash plate 1 03 integrally with 
the spindle 102, therefore, the plurality of pistons 105 
sequentially reciprocate through the shoes 104 to ex- 
pand and contract the volumes of working chambers Vc 

30 to draw and compress the refrigerant. 

[0033] Where the discharge of compressor 1 0 varies, 
moreover, the pressure in a swash plate chamber (or a 
control pressure chamber) 1 06 housing the swash plate 
1 03, varies the inclination angle 6 of the swash plate 1 03 

35 thereby varying the stroke of pistons 105. Specifically, 
as the inclination angle 9 decreases, the piston stroke 
increases to augment the displacement. As the inclina- 
tion angle 0 of the swash plate 1 03 increases, the piston 
stroke decreases to reduce the displacement. Here, the 

40 swash plate chamber 106 communicates with the inlet 
side of the compressor 1 0 through passage means hav- 
ing throttle means such as an orifice. 
[0034] On the other hand, a first discharge chamber 
1 07 collects and recovers the refrigerant, as discharged 

45 from the working chambers Vc of the individual pistons 

105, and smoothes the discharge pulsations. A second 
discharge chamber 1 08 guides the refrigerant in the first 
discharge chamber 107 into a discharge port 109. 
[0035] On the other hand, an electromagnetic type 

50 displacement control valve 110 constructs a displace- 
ment control mechanism for controlling the pressure in 
the swash plate chamber (or control pressure chamber) 

106, and is arranged on a side of a rear housing 111 of 
the compressor 10. A specific example of the control 

55 valve 1 1 0 is shown in Fig. 3. The control valve 1 1 0 con- 
trols the communication state (or opening) of a control 
pressure passage 140 for introducing the discharge 
pressure of the compressor 10 into the swash plate 



BNSDOCID: <EP 1134516A2 I > 



7 



EP 1 134 516 A2 



8 



chamber 106, with its valve member 131 . 
[0036] This valve member 1 31 is constructed integral- 
ly with a plunger (or movable iron core) 1 32, upon which 
an electromagnetic attracting force induced by an excit- 
ing coil 133 acts. Specifically, the plunger 132 is ar- 
ranged to confront a stationary magnetic pole member 
(or stationary iron core) 134 through a predetermined 
spacing so that it is displaced in the axial direction (right- 
ward of Fig. 3) toward stationary magnetic pole member 

134 by the electromagnetic attracting force of the excit- 
ing coil 133. By this axial displacement of plunger 132, 
the valve member 131 moves toward a closed position. 
With the leading end of the valve member 131, there is 
integrally formed a guide rod 131a for guiding the axial 
movement of the valve member 131 . 

[0037] Between the plunger 132 and the stationary 
magnetic pole member 134, on the other hand, a coil 
spring 135 generates an elastic force against the elec- 
tromagnetic force. Here, the displacement of the plung- 
er 1 32 is so minute that the elastic force by the coil spring 

135 can be deemed as a generally constant value irre- 
spective of the displacement of the plunger 132. 
[0036] In this embodiment, a duty ratio Dt, i.e., the in- 
terruption ratio of the electric current fed to the exciting 
coil 133, is controlled so that an electromagnetic attrac- 
tion force (i.e., the force in the direction to close the valve 
member 131) substantially proportional to the duty ratio 
Dt acts on the plunger 132. The duty ratio Dt of the cur- 

~+ +u-~.. +i — exciting co ! ! * 3° Ig c**n*"c''cd by c !ntcr 
described control unit 26 (Figs. 1 and 4). 
[0039] Since the electromagnetic type displacement 
control valve 1 1 0 is thus constructed, the valve member 
131 is displaced rightward of Fig. 3 to reduce the sec- 
tional area of the opening of the control pressure pas- 
sage 140. If the duty ratio Dt is enlarged to strengthen 
the valve closing force of the valve member 131, the 
pressure in the swash plate chamber 1 06 lowers to re- 
duce the inclination angle 9 of the swash plate 103 to 
increase displacement. 

[0040] If the duty ratio Dt is reduced to weaken the 
valve closing force , contrarily, the valve member 1 31 is 
displaced leftward in Fig. 3 by the coil spring 135 to en- 
large the sectional area of the opening of the control 
pressure passage 140. As a result, the pressure in the 
swash plate chamber 1 06 rises to enlarge the inclination 
angle 8 of the swash plate 1 03 so that the displacement 
decreases. 

[0041] In Fig. 1, the electric air-conditioning electronic 
control unit (the "ECU") 26 includes a microcomputer 
and peripheral circuits. According to its programming, 
the ECU 26 performs arithmetic operations for input sig- 
nals to control the electromagnetic clutch 11, the two 
electromagnetic valves 13 and 21 , the electromagnetic 
displacement control valve 110 and other electric devic- 
es (14a, 23, 25 and so on). • 
[0042] Next, Fig. 4 is an electric control block diagram 
of the first embodiment including the ECU 26. Detection 
signals are input to ECU 26 from a group of sensors. 



Such sensors include a compartment temperature sen- 
sor 30 for detecting the internal temperature in the com- 
partment; an ambient temperature sensor 31 for detect- 
ing ambient temperature; a solar radiation sensor 32 for 
5 detecting solar radiation into the compartment; a tem- 
perature sensor 33 of evaporator 18; a water tempera- 
ture sensor 34 of the vehicle engine 12; a differential 
pressure sensor 35 for the discharge side of the com- 
pressor 1 0 of the freezing cycle; and so on. 
10 [0043] here, the temperature sensor 33 of the evapo- 
rator 1 8 is arranged just downstream from the airflow of 
the evaporator 18, as shown in Fig. 1 , for detecting the 
air temperature from the evaporator 18. On the other 
hand, the differential pressure sensor 35 is arranged be- 
15 tween the discharge side of the compressor 1 0 and the 
upstream side of the two electromagnetic valves 1 3 and 
21, as shown in Fig. 1. 

[0044] The differential pressure sensor 35 will be de- 
scribed more specifically. Between the discharge side 

20 of the compressor 1 0 and the upstream side of the two 
electromagnetic valves 13 and 21 , as shown in Fig. 5, 
a fixed throttle 35a such as an orifice is disposed, and 
refrigerant pressures P1 and P2 across the throttle 35a 
are introduced into two pressure chambers 35b and 35c 

25 of the differential pressure sensor 35. a semiconductor 
strain gauge 35e is attached to a diaphragm 35d that 
partitions pressure chambers 35b and 35c,. 
[0045] Moreover, the diaphragm portion 35d is de- 

30 pi - P2) across throttle 35a of pressure chambers 35b 
and 35c. As a result, the strain of the semiconductor 
strain gauge 35e changes to vary the electric resistance 
of the semiconductor strain gauge 35e. To the ECU 26, 
the voltage change is input based on change of electric 

35 resistance. 

[0046] The aforementioned differential pressure sen- 
sor 35 detects refrigerant flow rate so that the refrigerant 
flow rate can be calculated from the following Formula 
1 based on the differential pressure AP (= P1 - P2) 

40 across the throttle 35a. 

[Formula 1] 

45 Flow Rate Gr = C • A • (2 • g • p H • AP) 1/2 , 

wherein: 

C: the flow coefficient of the throttle 35a; 
50 A: the opening area of the throttle 35a; 
g: the gravitational acceleration; 
p H : the inlet refrigerant density of the throttle 35a. 

[0047] On the other hand, control signals from a group 
>5 of control switches 41 to 45 of an air conditioner control 
panel 40, as disposed in the vicinity of the instrument 
panel, are input into the ECU 26. This control switch 
group includes the hot gas switch (or auxiliary heating 
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switch) 41 for issuing a drive signal forthe heating mode 
by the hot gas bypass; the mode changing switch 42 for 
changing the blow modes (i.e., the face, bi-level, foot 
and defroster modes); the temperature setting switch 43 
for issuing a set signal of the compartment temperature; 
the air conditioner switch 44 for issuing the running sig- 
nal for the cooling mode; the air flow changing switch 
45 for changing the airflow of the blower 23; and so on. 
[0048] The operation of the first embodiment is now 
described. First, the operations of the freezing cycle will 
be summarized. When the air conditioner switch 44 is 
turned ON to issue the running signal for the cooling 
mode, the cooling electromagnetic valve 13 is opened 
by the ECU 26, and the heating electromagnetic valve 
21 is closed. The electromagnetic clutch 11 is applied 
so that vehicular engine drives compressor 10. 
[0049] As a result, discharged gas refrigerant from 
compressor 10 flows through the cooling electromag- 
netic valve 13 in the open state into the condenser 14, 
where it is cooled and condensed. Then, the condensed 
liquid refrigerant is gas-liquid separated by a receiver 
15 so that only the liquid refrigerant is evacuated into a 
gas-liquid two-phase state at low temperature and low 
pressure. This is done by temperature type expansion 
valve 1 6. 

[0050] Next, this low-pressure refrigerant flows 
through the check valve 17 into the evaporator 18 and 
evaporated by absorbing heat from air blown from the 
blower 23. The air, cooled in the evaporator 18, is blown 
into the compartment for cooling. The gas refrigerant 
thus evaporated in the evaporator 1 8 and drawn through 
the accumulator 19 into the compressor 10 and com- 
pressed. 

[0051] In winter, however, the hot gas switch 41 is 
turned ON to issue the running signal for the heating 
mode. Then, the cooling electromagnetic valve 13 is 
closed by the ECU 26 so that the heating electromag- 
netic valve 21 opens the hot gas bypass passage 20 
thereby to set the heating mode. 

[0052] As a result, the electromagnetic clutch 1 1 is ap- 
plied. When the compressor 1 0 is driven by the vehicular 
engine 1 2, the high -temperature discharge gas refriger- 
ant (or the overheated gas refrigerant) of the compres- 
sor 10 is pressure-reduced through the heating electro- 
magnetic valve 21 in the open state by the throttle 21a 
and flows into the evaporator 18. During this time, the 
check valve 1 7 prevents the gas refrigerant from flowing 
from the hot gas bypass passage 20 to the temperature 
type expansion valve 16. And, the overheated gas re- 
frigerant, after being reduced in pressure by the throttle 
21a, releases its heat to the blown air through the evap- 
orator 18 for heating. Here, the heat released from the 
gas refrigerant corresponds to the compression work- 
load of the compressor 1 0. If, at this time, the hot water 
temperature of the engine 12 is raised to a certain ex- 
tent, the blown air can be further heated in the hot water 
type heat exchanger for heating 24 by feeding the hot 
water to the heat exchanger 24 through the hot water 



valve 25. 

[0053] The gas refrigerant having released its heat in 
the evaporator 18 is drawn through the accumulator 19 
and compressed by the compressor 1 0. During heating 
5 in winter, ambient air is ordinarily introduced into the air 
conditioner casing 22 to defog the windshield. 
[0054] In Fig. 6, cooling ability control in the first em- 
bodiment and heating ability control by the hot gas heat- 
er function will be described. The control routine of Fig. 
10 6 is started, for example, by turning ON the (not-shown) 
ignition switch of the vehicular engine 12. At Step S100, 
signals from the individual sensors 30 to 35 and the con- 
trol switches 41 to 45 of the air conditioner control panel 
40 are read. Next, at Step S110, whether or not the air 

15 conditioner switch 44 is ON is determined. When the air 
conditioner switch 44 is ON (that is, when a running sig- 
nal forthe cooling mode is issued), the routine advances 
to Step S120, where whether or not the ambient tem- 
perature Tarn is at a first predetermined value (e .g. , 0°C) 

20 or higher is determined. When it is lower the first prede- 
termined value, no cooling is necessary, and the routine 
advances to a later-described Step S1 70. When the am- 
bient temperature Tarn exceeds the first predetermined 
value, the routine advances to Step S130, where a tar- 

25 get discharge cooling flow rate Gro(1) during cooling is 
determined. 

[0055] This target discharge refrigerant flow rate Gro 
(1) is determined such that the temperature Te of the 
evaporator 18 is a predetermined target temperature 

30 TEO (e.g., 0°C). Specifically, the refrigerant flow rate 
Gro (1) is determined by the feedback control (e.g., the 
PI control orthe PID control) which is based on the evap- 
orator temperature Te detected by the temperature sen- 
sor 33 and the information (e.g., the inlet air temperature 

35 of the evaporator or the suction flow rate of the evapo- 
rator) indicating the cooling load. Therefore, the target 
discharge refrigerant flow rate Gro (1) is raised, when 
the actual evaporator temperature Te is higher than the 
target temperature TEO as during a transition time after 

40 cooling begins, but is lowered when the actual evapo- 
rator temperature Te is in the vicinity of the target tem- 
perature TEO as during steady cooling. 
[0056] Next, the routine advances to Step S140, 
where the freezing cycle is set to the cooling mode state. 

45 Here, the electromagnetic clutch 11 is turned ON; the 
cooling electromagnetic valve 13 is opened; and the 
heating electromagnetic valve 21 is closed. Next, the 
routine advances to Step S150, where the actual dis- 
charge refrigerant flow rate Gr is calculated by the afore- 

50 mentioned Formula 1 based on the differential pressure 
AP, as detected by the differential pressure sensor 35, 
across the throttle 35a on the compressor discharge 
side. 

[0057] Next, the routine advances to Step S160, 
55 where the displacement of the compressor 10 is con- 
trolled by determining the duty ratio Dt of the electric 
current through the exciting coil 1 33 of the electromag- 
netic type displacement control valve 110 based on the 
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aforementioned actual discharge refrigerant flow rate 
Gr, as calculated, and the target discharge refrigerant 
flow rate Gro (1). 

[0058] When cooling begins, however, the duty ratio 
Dt is always maximized to feed the maximum current (e. 
g., 1 A) to the exciting coil 133 of the electromagnetic 
type displacement control valve 110, so that the valve 
member 1 31 is displaced to the maximum rightward po- 
sition in Fig. 3. this fully closes the control pressure pas- 
sage 140. As a result, the inclination angle 0 of the 
swash plate 103 is minimized by the reduction of pres- 
sure in the swash plate chamber 106 so that the dis- 
placement of the compressor 10 is maximized. When 
cooling begins, therefore, compressor 10 can be oper- 
ated with the maximum displacement so that the ability 
of the compressor 1 0 is maximized to lower the evapo- 
rator temperature quickly. 

[0059] The compressor 10 is operated at maximum 
displacement only for a predetermined time period from 
when cooling begins. After a predetermined time lapse, 
the duty ratio Dt is determined to control the displace- 
ment of the compressor 10 such that the aforemen- 
tioned actual discharge refrigerant flow rate Gr is the 
target discharge refrigerant flow rate Gro (1). By feed- 
back control (e.g., the PI control or the PID control) 
based on the actual discharge refrigerant flow rate Gr, 
more specifically, a duty ratio Dt is determined for 
achieving the target discharge refrigerant flow rate Gro 
(1). When the actual discnarge refrigerant now rale Gi 
exceeds the target discharge refrigerant flow rate Gro 
(1) as the compressor speed (or the engine speed) ris- 
es, for example, the duty ratio Dt is reduced to augment 
the opening of the control pressure passage 1 40. There- 
fore, the pressure in the swash plate chamber 106 is 
raised to increase the inclination angle 6 of the swash 
plate 103 thereby to reduce the displacement of the 
compressor 10. 

[0060] With this compressor displacement control, 
the compressor discharge refrigerant flow rate Gr is kept 
at the target discharge refrigerant flow rate Gro (1) to 
control cooling to keep the evaporator temperature at 
the target temperature TEO. When step S110 deter- 
mines that the air conditioner switch 44 is OFF and step 
S120 determines that the ambient temperature Tarn is 
lowerthanthefirst predetermined value (e.g., 0°C), con- 
trary, the routine advances to Step S1 70, where wheth- 
er or not the hot gas switch 44 is ON is determined. 
[0061] When the hot gas switch 44 is ON (that is, 
when the running signal of the hot gas heating mode is 
issued), the routine advances to Step S180, where 
whether or not the ambient temperature Tarn is at a sec- 
ond predetermined value (e.g., 1 0°C) or lower is deter- 
mined. When the ambient temperature Tarn is at the 
second predetermined value (e.g., 10°C) or lower, step 
S190 determines whether or not the engine water tem- 
perature Tw is at a predetermined value (e.g., 80°C) or 
lower. 

[0062] When both the ambient temperature Tarn and 



the engine water temperature Tw are at the predeter- 
mined values or lower, the hot gas heating mode is re- 
quired. At Step S200, therefore, the target discharge re- 
frigerant flow rate Gro (2) is determined. 

5 [0063] During the hot gas heating mode, the heating 
ability depends upon a freezing cycle high pressure PH. 
Therefore, the target discharge refrigerant flow rate Gro 
(2) during heating is determined such that the freezing 
cycle high pressure PH may be a predetermined target 

10 pressure (e.g., 20 Kg/cm 2 G). This target pressure is de- 
termined considering that the cycle components may be 
prevented from being damaged by the abnormal rise in 
the high pressure PH. 

[0064] During heating by the hot gas heater, the dis- 
15 charge gas refrigerant from the compressor 10 is de- 
compressed by the fixed throttle 21 a and is introduced 
directly into the evaporator 1 8 so that the discharge re- 
frigerant flow rate (i.e., the differential pressure AP0 of 
the compressor 10 and the high pressure PH) have a 
20 generally one-to-one corresponding relation. Therefore, 
the target discharge refrigerant flow rate Gro (2) during 
heating may be a preset pressure but need not be de- 
termined by the feedback control. Next, at Step S200, 
the hot gas heating mode is set by turning the electro- 
ns magnetic clutch 11 ON, by closing the cooling electro- 
magnetic valve 13 and by opening the heating electro- 
magnetic valve 21 . Next, at Step S220, the actual dis- 
charge refrigerant flow rate Gr is calculated by the fore- 

I— I _ J I I +U ~ JW.MHfinl ~ ~ ~ . AH 
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30 as detected by the differential pressure sensor 35, 
across the throttle 35a on the compressor discharge 
side. Next, at Step S230, the displacement of the com- 
pressor 10 is controlled by determining the duty ratio Dt 
of the electric current of the exciting coil 1 33 of the elec- 

35 tromagnetic type displacement control valve 1 1 0 based 
on the actual discharge refrigerant flow rate Gr, as cal- 
culated, and the target discharge refrigerant flow rate 
Gro (2). 

[0065] At the start of heating, the duty ratio Dt is al- 

40 ways maximized, similar to cooling, to feed the maxi- 
mum current (e.g., 1 A) to the exciting coil 133 of the 
electromagnetic type displacement control valve 1 1 0 so 
that the valve member 131 is displaced to the maximum 
rightward of Fig. 3 to fully close the control pressure pas- 

45 sage 140. As a result, the inclination angle 0 of the 
swash plate 1 03 is minimized by the reduction of the 
pressure in the swash plate chamber 106 so that the 
displacement of the compressor 10 is maximized. 
Therefore, at the start of heating, the compressor 10 is 

so operated with the maximum displacement so that the 
heat release of the evaporator 18 is quickly raised. 
[0066] Only for a predetermined time period from the 
start of heating, the compressor 10 is operated with the 
maximum displacement. After lapse of the predeter- 

55 mined time period, the duty ratio Dt is determined to con- 
trol the displacement of the compressor 1 0 such that the 
aforementioned actual discharge refrigerant flow rate Gr 
is the target discharge refrigerant flow rate Gro (2). By 
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the feedback control (e.g., the PI control or the PID con- 
trol) based on the actual discharge refrigerant flow rate 
Gr, the duty ratio Dt is determined for achieving the tar- 
get discharge refrigerant flow rate Gro (2). 
[0067] When the actual discharge refrigerant flow rate 
Gr exceeds the target discharge refrigerant flow rate 
Gro as the compressor speed (or the engine speed) ris- 
es, for example, the duty ratio Dt is reduced to augment 
the opening of the control pressure passage 1 40. There- 
fore, the pressure in the swash plate chamber 106 is 
raised to increase the inclination angle 0 of the swash 
plate 1 03 thereby reducing the displacement of the com- 
pressor 10. Accordingly, compressor discharge refriger- 
ant flow rate Gr is kept at the target discharge refrigerant 
flow rate Gro even during heating to control heating and 
keep the freezing cycle high pressure PH at a predeter- 
mined pressure. Therefore, cooling and heating is con- 
trolled by controlling the displacement of the compres- 
sor 1 0 so that the target discharge refrigerant flow rate 
may be obtained by using the electromagnetic type dis- 
placement control valve 110 common between cooling 
and heating modes. 

[0068] Here, in the foregoing embodiment, the target 
discharge refrigerant flow rate Gro (2) during heating is 
determined so that the freezing cycle high pressure PH 
may take the predetermined target pressure (e.g., 20 
Kg/cm 2 G). However, this target pressure need not be 
fixed at the constant value but may vary with the infor- 
mation (e.g., the ambient temperature or the compart- 
ment temperature) indicating the heating load. Specifi- 
cally, the target pressure is raised, if the heating load 
rises, but is lowered if the heating load drops. Thus, 
heating can be controlled according to the heating load. 

(Second Embodiment) 

[0069] In the first embodiment thus far described, be- 
tween the discharge side of the compressor 1 0 and the 
upstream side of the two electromagnetic valves 1 3 and 
21 , the fixed throttle 35a, such as an orifice, is disposed. 
The differential pressure AP is detected thereacross by 
the differential pressure sensor 35, and the refrigerant 
flow rate on the discharge side of the compressor 10 is 
detected based on the differential pressure AP, thereby 
controlling the displacement of the compressor 10. In < 
the second embodiment, on the other hand, a throttle 
portion is built in the compressor 10 to mechanically 
control the displacement by the differential pressure es- 
tablished at the built-in throttle portion. 
[0070] In the second embodiment, as shown in Fig. 7, £ 
the first discharge chamber 1 07 for collecting and recov- 
ering the discharged refrigerant from the individual 
working chambers Vc of Fig. 2 and the second dis- 
charge chamber 1 08 for introducing the refrigerant in the 
first discharge chamber 1 07 to the discharge port 1 09 5. 
communicate via a throttle communication passage (or 
throttle portion) 1 1 2 having a predetermined throttle hole 
diameter. Therefore, when refrigerant passes through 
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the throttle communication passage 112, a pressure 
loss occurs so that the pressure in the second discharge 
chamber 1 08 is lower than in the first pressure chamber 
107. Accordingly, the throttle communication passage 
5 112 operates similar to the fixed throttle 35a of the first 
embodiment so that the refrigerant flow rate can be ac- 
quired from the differential pressure AP across that 
throttle communication passage 112. 
[0071] In the second embodiment, on the other hand, 
10 as the throttle portion is built in the compressor 1 0, the 
differential pressure sensor 35 of the first embodiment 
is replaced by a pressure sensor 350 (Fig. 8) disposed 
on the discharge side of the compressor 1 0 for detecting 
the high pressure on the discharge side of the compres- 
'5 soMO. 

[0072] Fig. 9 shows a specific example of the electro- 
magnetic type displacement control valve 1 1 0 according 
to the second embodiment. This control valve 110 is 
constructed of a first control portion 120 that controls 
20 the differential pressure AP between the first discharge 
chamber 107 and the second discharge chamber 108, 
in the compressor 10, to a predetermined differential 
pressure ("target differential pressure") AP; and a sec- 
ond control portion 130 that regulates the first control 
25 portion 1 20 to set the target differential pressure APO. 
[0073] First control portion 120 has a first control 
chamber 121 into which the pressure in the first dis- 
charge chamber 1 07 a second control chamber 1 22 into 
which the pressure in the second discharge chamber 
30 108 is introduced. Moreover, these control chambers 
121 and 1 22 are partitioned by a movable partition mem- 
ber 123, and first control chamber 1 21 has a coil spring 
124 that exhibits an elastic force that pushes the parti- 
tion member 123 in the direction that enlarges the vol- 
35 ume of the first control chamber 121 . 

[0074] On a push rod 125, formed integrally with the 
partition member 123, a force from the pressure differ- 
ence (i.e., the aforementioned differential pressure AP) 
between the two control chambers 121 and 1 22 and the 
'■o elastic force of the coil spring 124 acts. This force (the 
"valve opening force") is directed leftward in Fig. 9 to 
augment the volume of the first control chamber 121 be- 
cause the pressure in the first control chamber 121 is 
higher than in the second control chamber 122. Here, 
5 push rod 125 movement is so small that the force coil 
spring 124 exerts upon the partition member 123 (orthe 
push rod 125) is a generally constant value. 
[0075] On the other hand, the second control portion 
1 30 exerts a force (the "valve closing force") against the 
"> valve opening force upon the valve member 131 . Valve 
member 131 controls the communicating state (or the 
opening) of the control pressure passage 140 for intro- 
ducing the discharge pressure (or the pressure of the 
second discharge chamber 108) of the compressor 10 
'< into the swash plate chamber 106. The plunger (orthe 
movable iron core) 132, the exciting coil 133, the sta- 
tionary magnetic pole member (or the stationary iron 
core) 134 and the coil spring (or the elastic member) 
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135 can be the same as the electromagnetic type dis- 
placement control valve 11 0 of the first embodiment. 
[0076] By controlling the duty ratio of the electric cur- 
rent fed to the exciting coil 1 33 by the ECU 26, the valve 
closing force can be generally proportional to the duty 
ratio. When the duty ratio is enlarged to raise the valve 
closing force, the valve member 131 is moved rightward 
in Fig. 9 to throttle the control pressure passage 140 so 
that the pressure in the swash plate chamber 1 06 is low- 
ered to augment the displacement of the compressor 
10. When the duty ratio is reduced to reduce the valve 
closing force, the valve member 131 moves leftward in 
Fig. 9 to open the control pressure passage 1 40 so that 
the pressure in the swash plate chamber 106 rises to 
reduce the displacement of the compressor 1 0. 
[0077] When the speed of the engine rises to raise the 
speed of the compressor 10, the discharge refrigerant 
flow rate of the compressor 10 is accordingly raised. 
With this rise, however, the differential pressure AP be- 
tween the first and second control chambers 121 and 
122 increases to enlarge the valve opening force. 
Therefore, the push rod 1 25 and the valve member 1 31 
move leftward in Fig. 9 and open the control pressure 
passage 140, reducing the displacement of the com- 
pressor 10. 

[0078] When the speed of the engine slows, reducing 
compressor 10 speed, the discharge refrigerant flow 
rate of the compressor 1 0 is lowered. With this flow rate 
reduction, the riirrereniiai pressure Ar uelwetMi Li it? nioi 
and second control chambers 121 and 122 decreases 
to lower the valve opening force. Therefore, the push 
rod 125 and the valve member 131 move rightward in 
Fig. 9 to throttle the control pressure passage 140 so 
that the displacement of the compressor 1 0 goes up. 
[0079] At this time, the push rod 125 and the valve 
member 131 positions where the valve closing force and 
the valve opening force are balanced. Since the forces 
by the coil springs 1 24 and 1 35 are constant, the move- 
ments of the push rod 125 and the valve member 131 
to the balanced position between the valve closing force 
and the valve opening force imply that the displacement 
of the compressor 10 is mechanically changed till the 
differential pressure AP between the first and second 
control chambers 121 and 122 becomes the predeter- 
mined differential pressure. Specifically, the target dif- 
ferential pressure APO is determined by the valve clos- 
ing force. 

[0080] Thus, by the differential pressure AP between 
the first and second control chambers 1 21 and 1 22, the 
displacement of the compressor 1 0 is directly varied me- 
chanically and responsively to abrupt fluctuations of en- 
gine (or compressor 1 0) speed. Specifically, the electric 
displacement control of the compressor 10 as in the first 
embodiment cannot avoid the various response delays 
accompanying the electric controls. According to the 
second embodiment, however, the displacement is di- 
rectly varied by the mechanical operations using the dif- 
ferential pressure AP so that the responsiveness of the 



displacement variation to the discharge refrigerant flow 
rate can be improved. 

[0081] As described above, the target differential 
pressure APO, as determined by the valve closing force 
5 (or the electromagnetic attraction), can be varied by the 
duty ratio control. Independent of engine speed change 
(or compressor 1 0), the displacement can be varied by 
the change in target differential pressure APO to vary the 
refrigerant flow rate discharged from compressor 1 0. 

10 [0082] In the second embodiment, therefore, the de- 
termination of the duty ratio of the exciting coil 1 33 is to 
determine the target differential pressure APO and ac- 
cordingly to determine the control target flow rate. 
Therefore, the target differential pressure APO (i.e., the 

15 control target flow rate) is proportional to the duty ratio 
(i.e., the average current of the exciting coil) as shown 
in Fig. 10. Next, Fig. 11 shows a cooling control by the 
second embodiment and a heating control by the hot 
gas heater function. In Fig. 11, the operations of the 

20 same Steps S100 to S120, S140, S170 to S190 and 
S21 0 as those of Fig. 6 are identical to those of the first 
embodiment so that their description will be omitted. 
[0083] Step S135 determines the target evaporator 
temperature TEO during cooling. This target evaporator 

25 temperature TEO is determined at a predetermined val- 
ue 0° C, for example, but may be varied according to 
the information (e.g., the target blow temperature TAO 
necessary for keeping the inside of the compartment at 

x I . . _ -I- J- - - 4-1 n „U: Hn l lAMHAirnliirn Tnm\ 
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30 indicating the cooling load. 

[0084] At Step S165, the target differential pressure 
A P0 during cooling is determined. Specifically, the duty 
ratio is determined such that the actual evaporator tem- 
perature Te detected by the temperature sensor 33 can 

35 be set to the target evaporator temperature TEO, there- 
by determining the target differential pressure APO for 
the compressor displacement control. If the actual evap- 
orator temperature Te exceeds the target evaporator 
temperature TEO of Step S135, the duty ratio in the 

40 electromagnetic type displacement control valve 11 0 is 
enlarged to raise the valve closing force and accordingly 
the target differential pressure APO, as shown in Fig. 10. 
In the control valve 110, therefore, the valve member 
131 moves rightward in Fig. 9 to throttle the control pres- 

45 sure passage 140 so that the pressure in the swash 
plate chamber 1 06 falls to augment the displacement of 
the compressor 10. 

[0085] If the actual evaporator temperature Te is ex- 
ceeded by the target evaporator temperature TEO of 

so step S1 35, on the contrary, the duty ratio in the electro- 
magnetic type displacement control valve 110 is re- 
duced to reduce the valve closing force and accordingly 
the target differential pressure APO, as shown in Fig. 1 0. 
therefore, the valve member 131 moves leftward in Fig. 

55 9 to open the control pressure passage 140 so that the 
pressure in the swash plate chamber 1 06 rises to reduce 
the displacement of the compressor 1 0. 
[0086] Thus, the target differential pressure APO is 
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madeso variablethat the actual evaporator temperature 
Te can be set to the target evaporator temperature TEO, 
and the displacement is directly mechanically controlled 
to control the refrigerant flow rate such that the differen- 
tial pressure AP across the throttle communication pas- 5 
sage 112 in the compressor 10 is the aforementioned 
target differential pressure APO. 

[0087] During the hot gas heating mode, on the other 
hand, at Step S205, a target high pressure PHO is de- 
termined to be the predetermined pressure (e.g., 20 Kg/ 10 
cm 2 G). At Step S235, moreover, the target differential 
pressure APO during heating is determined. Specifically, 
the target differential pressure APO during heating is de- 
termined by determining the duty ratio so that the actual 
high pressure PH to be detected by the pressure sensor ^ 
350 can be set to the target high pressure PHO. 
[0088] If the actual high pressure PH is exceeded by 
the target high pressure PHO, the duty ratio in the elec- 
tromagnetic type displacement control valve 110 is en- 
larged to augment the valve closing force thereby to 20 
augment the target differential pressure APO, as shown 
in Fig. 10. In the control valve 110, therefore, the valve 
member 131 is moved rightward in Fig. 9 to throttle the 
control pressure passage 140 so that the pressure in 
the swash plate chamber 1 06 falls to augment the dis- 25 
placement of the compressor 1 0. 

[0089] If the actual high pressure PH exceeds the tar- 
get high pressure PHO, on the contrary, the duty ratio 
in the electromagnetic type displacement control valve 
11 0 is reduced to weaken the valve closing force thereby 30 
to lower the target differential pressure APO, as shown 
in Fig. 10. therefore, the valve member 131 is moved 
leftward in Fig. 9 to open the control pressure passage 
140 so that the pressure in the swash plate chamber 
1 06 rises to reduce the displacement of the compressor 35 
10. 

[0090] Thus, the target differential pressure APO is 
made variable such that the actual high pressure PH can 
be set to the target high pressure PHO, and the dis- 
placement is directly mechanically controlled to control 40 
the refrigerant flow rate such that the differential pres- 
sure AP across the throttle communication passage 1 1 2 
is set to the aforementioned target differential pressure 
APO. 

[0091] From the description thus far made, such as in 45 
the second embodiment, the cooling and heating abili- 
ties can be controlled, as in the first embodiment, by 
controlling the displacement of the compressor 1 0 using 
the electromagnetic type displacement control valve 
1 1 0 common between the cooling mode and the heating so 
mode. 

(Other Embodiments) 

[0092] The present invention should not be limited to 
the foregoing first and second embodiments but can be 
embodied in various modes. 



(1) The control of the power supply to the exciting 
coil 133 of the electromagnetic type displacement 
control valve 110 should not be limited to the duty 
ratio control but can naturally be made such that the 
power current is directly controlled in an analogue 
manner. 

(2) The compressor 1 0 can be exemplified by a var- 
iable displacement type other than the swash plate 
type compressor. 

(3) The first embodiment has been described for 
where the differential pressure sensor 35 detects 
the refrigerant flow rate. However, the refrigerant 
flow rate may be detected by using another relation, 
in which the cooling degree of an exothermic wire 
disposed in the refrigerant passage varies with the 
refrigerant flow rate so that the electric resistance 
of the exothermic wire varies. 

(4) The detection unit of the refrigerant flow rate can 
be arranged on the lower pressure side (i.e., be- 
tween the inlet portion of the evaporator and the 
suction side of the compressor) of the cycle. Where 
the detection unit of the refrigerant flow rate is thus 
arranged on the lower pressure side of the cycle, it 
is preferable to select the refrigerant flow rate de- 
tection unit having a small pressure loss, as in (3). 

(5) In the freezing cycles of Figs. 1 and 8, during the 
cooling mode, the circuit is constructed by combin- 
ing the receiver 15 and the temperature type expan- 
sion valve 1 6. However, the circuit construction may 
be modified by eliminating the receiver 15 and by 
using a fixed throttle in place of the temperature 
type expansion valve 16. 

(6) In the freezing cycles of Figs. 1 and 8, the two 
cooling and heating electromagnetic valves 13 and 
21 can be replaced by one valve device in which 
functions to interchange a plurality of passages are 
integrated. 

(7) Fig. 4 has been described on the case, in which 
the air conditioner control panel 40 is provided with 
the dedicated switch as the hot gas switch 41 to be 
manually controlled by the passenger. However, 
this manually controlled dedicated switch 41 can be 
replaced by another switch means. Where the ve- 
hicle is provided with a heating manual switch for 
idling up the vehicle engine 12, for example, the 
heating mode by the hot gas bypass may be started 
in association with the ON of the engine heating 
manual switch. 

[0093] While the above-described embodiments refer 
to examples of usage of the present invention, it is un- 
derstood that the present invention may be applied to 
other usage, modifications and variations of the same, 
and is not limited to the disclosure provided herein. 
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Claims 

1 . A freezing cycle apparatus that switches between 
a cooling mode and a heating mode, wherein a low- 
pressure refrigerant is evaporated in an evaporator 
(1 8) for cooling air during said cooling mode and a 
gas refrigerant from a discharge side of a compres- 
sor (10) is introduced into said evaporator (18) for 
heating during said heating mode, said freezing cy- 
cle apparatus comprising: 

said compressor (10) is a variable displace- 
ment compressor; and 

wherein displacement of said compressor (1 0) 
is controlled such that that the refrigerant flow 
rate in a cycle that circulates refrigerant for said 
cooling mode and said freezing mode reaches 
a predetermined target flow rate during said 
cooling mode or said heating mode. 

2. A freezing cycle apparatus as set forth in Claim 1 , 
comprising: 

target flow rate determining means (S130, 
S200) for determining targetflow rates of refrig- 
erant in said cycle during heating and cooling 
modes; 

flow rate detecting means (35, S150, S220)for 
detecting tne reTrigeram fiow rales uuiing said 
heating mode and during said cooling mode; 
and 

displacement control means (S160, S230) for 
controlling the displacement of said compres- 
sor (1 0) so that the refrigerant flow rate detect- 
ed by said flow rate detecting means (35, S1 50, 
S220) is said target flow rate. 

3. A freezing cycle apparatus as set forth in Claim 2, 
further comprising a valve means (13, 21) for 
switching refrigerant passages such that gas refrig- 
erant on said discharge side of said compressor 
(10) is introduced into said evaporator (18) during 
said heating mode and into a condenser (1 4) during 
said cooling mode; and 

said flow rate detecting means (35) is ar- 
ranged between the discharge side of said com- 
pressor (10) and said valve means (13, 21). 

4. A freezing cycle apparatus as set forth in Claim 3, 
wherein said flow rate detecting means includes a 
throttle portion (35a) on the discharge side of said 
compressor (10); 

a differential pressure detecting means (35) for 
detecting the differential pressure across said 
throttle portion (35a); and 
a flow rate calculation means (S150, S220) for 
calculating refrigerant flow rate based on de- 



tected differential pressure. 

5. A freezing cycle apparatus as set forth in any of 
Claims 1 to 4, wherein said cooling mode and said 

5 predetermined target flow rate are determined such 
that a temperature of said evaporator (1 8) is set to 
the target temperature. 

6. A freezing cycle apparatus as set forth in any of 
10 Claims 1 to 5, wherein said predetermined target 

flow rate is determined such that a cycle high pres- 
sure is set to the target pressure during said heating 
mode. 

15 7. A freezing cycle apparatus that switches between 
a cooling mode and a heating mode, wherein a low- 
pressure refrigerant is evaporated in an evaporator 
(18) for cooling air during said cooling mode and a 
hot gas heater introduces a gas refrigerant from a 

20 discharge side of a compressor (1 0) into said evap- 
orator (18) during said heating mode, said freezing 
cycle apparatus comprising: 

said compressor (1 0) being a variable displace- 
25 ment compressor including a displacement 

control mechanism (110) for controlling dis- 
placement of said compressor (10); and 
a throttle portion (112) disposed on a discharge 

r*f rtnmpressor (1 0): 
30 a differential pressure responding mechanism 

portion (120) disposed in said displacement 
control mechanism (110) for varying the dis- 
placement of said compressor (1 0) according 
to a differential pressure across said throttle 
35 portion (112) and the target differential pres- 

sure; 

a target differential pressure setting portion 
(130) disposed in said displacement control 
mechanism (110) for setting said target differ- 
40 ential pressure by establishing a force against 

the differential pressure across said throttle 
portion.(112); 

cooling time target differential pressure deter- 
mining means (S1 65) for determining said tar- 

45 get differential pressure during said cooling 

mode by varying force against the differential 
pressure across said throttle portion (112); and 
heating time target differential pressure deter- 
mining means (S235) for determining said tar- 

50 get differential pressure during said heating 

mode by varying the force against the differen- 
tial pressure across said throttle portion (112). 

8. A freezing cycle apparatus as set forth in Claim 7, 
55 wherein said throttle portion (112) is positioned in 

said compressor (10). 

9. A freezing cycle apparatus as set forth in Claim 7 
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or 8, wherein said target differential pressure is de- 
termined such that a temperature of said evaporator 
(18) is set to the target temperature during said 
cooling mode. 

5 

10. A freezing cycle apparatus as set forth in any of 
Claims 7 to 9, wherein said target differential pres- 
sure is determined such that the cycle high pressure 
is set to the target pressure during said heating 
mode. w 



11. A freezing cycle apparatus as set forth in Claim 5 
or 9, wherein the target temperature of said evapo- 
rator (18) is varied according to the cooling load. 

12. A freezing cycle apparatus as set forth in Claim 6 
or 1 0, wherein the target pressure of said cycle high 
pressure is varied according to the heating load. 



13. A temperature adjusting cycle apparatus that 20 
switches between a cooling mode and a heating 
mode, said freezing cycle apparatus comprising: 

a temperature control circuit having a variable 
displacement compressor (10), a condenser, 25 
and an evaporator, said temperature control cir- 
cuit including a refrigerant passage between 
said compressor, said condenser, and said 
evaporator; 

a valve positioned along said refrigerant pas- 30 
sage, said valve diverting refrigerant from said 
compressor to said evaporator through said 
condenser during said cooling mode, said valve 
diverting refrigerant from said compressor to 
said evaporator and bypassing said condenser 35 
during said heating mode; 
a flow rate sensor (35, S150, S220) positioned 
along said refrigerant passage that detects a 
refrigerant flow rate in said cooling passage 
during said heating mode and said cooling 40 
mode; and 

a controller that determines a first target flow 
rate of said refrigerant through said tempera- 
ture control circuit during said heating mode 
and determines a second target flow rate 45 
through said temperature control circuit during 
said cooling mode, said controller electrically 
communicating with said compressor and re- 
sponsive to said flow rate sensor to adjust a dis- 
placement of said compressor to achieve said so 
first target flow rate and said second target flow 
rate through said temperature control circuit. 



14. A temperature adjusting apparatus as claimed in 

claim 13, wherein said first target flow rate and said 55 
second target flow rate are different. 
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FIG. 5 
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FIG. 6 
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